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Abstract. The InfoHarness" system isaimed at providing integrated and rapid access to huge amounts of heterogeneous
information independent of its type, representation, and location. InfoHarness isintended to provide advanced search and
browsing capabilities without imposing the burden of restructuring, reformatting, or relocating information on information
suppliers. Thisis achieved through creating metadata entries (e.g., type, location, access rights, owner, creation date, etc.) and
associating them with the origina information. The metadata extraction methods ensure rapid and largely automatic creation
of information repositories. A stable hierarchy of abstract classes is proposed to organize the processing and representation
needs of different types of information. An extensible hierarchy of terminal classes simplifies support for new information
types and utilization of new indexing technologies. InfoHarness repositories may be accessed through Mosaic or any other
HyperText Transfer Protocol (HTTP) compliant browser.

1.0 Introduction

The accelerating explosion in the amounts and variety of information has made the knowledge about its existence,
location, and the means of retrieval very confusing. The information accumulated within universities, corporations,
and government organizations ranges from software artifacts to engineering and financial databases, and comesin
different types (e.g., source code, e-mail messages, bitmaps) and representations (e.g., plain text, binary). Thisinfor-
mation has to be accessed through a variety of vendor tools and locally developed applications.

There have been attempts to address this problem by building information repositories that depend on relocating and
reformatting the original information [20]. Such approaches require the design and maintenance of ever-changing
format trandlators. The initial conversion of information often requires substantial human and computing resources.
Maintaining the repositories presents the additional dilemma of either creating new and updating existing information
in the uniform format, or continuously managing changing datain different formats. The latter problem may be par-
tially remedied through recent efforts in the uniform representation of heterogeneous documents [29], but this does
not help with arbitrarily formatted data.

Our main objective in constructing the InfoHarness system is to provide rapid access to huge amounts of heteroge-
neous information in a distributed environment without any relocation, restructuring, or reformatting of data. Many
researchers have investigated the use of metadata to support run-time access to the original information [1,3,8,9,11,
12,13,19,26]. Others[5,11,21,26] have investigated the use of data mining for the automatic extraction of metadata.
We refine and synthesize some of the ideas contained in these efforts to provide advanced search and browsing capa-
bilities without imposing constraints on information suppliers or creators. Further, we propose and develop a stable
abstract class hierarchy, which need not be modified to define terminal classes that accommodate new types of infor-
mation and utilize new indexing technologies.

InfoHarness has been designed with an open, extensible, and modular architecture. The InfoHarness prototypeis now
operationa and on trial at Bellcore for building repositories of heterogeneous software artifacts [25], accessing geo-
spatial data, and a variety of other applications. It supports the largely automatic generation of InfoHarness reposito-
ries, and provides access to the physical information from Mosaic and other World-Wide Web (WWW [2]) browsers
through an HTTP gateway. We expect to make the system available on the Internet in the first half of 1995.
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The key features of InfoHarness include:

» Providing advanced search and browsing capabilities without restructuring, reformatting, or relocating informa-
tion.

* Anextensible terminal class hierarchy to model arbitrary formatted information.
« The ability to utilize third-party indexing technologies.
» Extensive use of metadata for mapping logical views of information to physical files.

* A high-level declarative language [26] to provide power and flexibility in controlling the metadata generation pro-
cess (now under development).

In this paper, we have analyzed content-based and content-descriptive metadata and their utility in the search,
retrieval and browsing of information. Content-based metadata is based on the content of documents (e.g., the docu-
ment vectorsin the LS| index and the complete inverted WAIS index). Content-descriptive metadata servesto
describe documents and includes domain-independent metadata (e.g., the location and size of a document) and
domain-dependent metadata which abstracts or attempts to capture the semantic meaning of information. We also
take alook at the classification of metadata based on their utility (a modified version of the onein [3]) and see how
various attempts at using metadata (including the one in InfoHarness) conform to the classification.

The organization of the paper isasfollows. In section 2, we discuss the role of metadatain providing transparent
accessto information. In section 2.1, we discuss the organization of metadata. In section 2.2, we define the notions of
stability and extensibility of a class hierarchy. These notions are based on the ability of subclasses to inherit general
methods from their superclasses and customize them for their own use. The customization is performed by writing
ad-hoc stand-alone programs as discussed in section 2.3. In section 2.4, we discuss attribute-based access and
retrieval of information. In section 3, we discuss the InfoHarness architecture. We begin with an overview (section
3.1), and then concentrate on indexing and searching of InfoHarness repositories (section 3.2) and on browsing infor-
mation (section 3.3). In section 4 we discuss related efforts. Conclusions and plans for future work are presented in
section 5.

2.0 Transparent Data Accessthrough Metadata

An important advantage of InfoHarness is that it provides access to a variety of heterogeneous information without
making any assumptions about the location and representation of data. Thisis achieved by creating metadata and
associating it with the original information. Metadata for different mediatypes is often defined as derived properties
of the media, which are useful in information access or retrieval [5]. It establishes relationships between information
units (defined below) and portions of physical information that present logical units of interest for end-users.

An information unit (1U) is a metadata entity that encapsulates alogical unit of information. It represents the lowest
level of granularity of information available to InfoHarness. The IU may be associated with afile (e.g., a man page),
aportion of afile (e.g., aC function or a database table), a set of files (e.g., a collection of related bitmaps), or any
request for the retrieval of data from an external source (e.g., a database query).

An InfoHarness object (IHO) is defined recursively as one of the following:

* A simple |HO, composed of asingle [U.
» A collection IHO that contains a set of references to other InfoHarness objects.
» A composite IHO that combines asimple IHO and a set of references to other IHOs.

Each IHO has a unique object identifier that is recognized and maintained by the system. An IHO that containsan 1U
has to store the locations of both the data and the data retrieval method, as well as any additional parameters needed
by the method to extract the encapsul ated information. For example, an IHO that encapsulates a C function must con-
tain the path information, the name and location of a program that knows how to extract a function from a C file, and



the name of the encapsulated function. In addition, each IHO may contain arbitrary number of attribute-value pairs
(e.g., owner, last update, security information, decryption method). These are examples of structural content-descrip-
tive metadata.

Each IHO that references a collection of other IHOs stores unique object identifiers of the members of the collection
(its children). An IHO that both contains an U and references a collection is called a composite object. An example
of the composite object is this paper’s abstract combined with the collection of postscript and latex versions of the
full paper. IHOs that encapsulate indexed collections store information about locations of both the index and the
guery method. Any indexed collection may make use of its own data retrieval method that is not a part of InfoHar-
ness. As aresult, an InfoHarness Repository may be created from existing heterogeneous index structures.

An InfoHarness Repository (IHR) isaset of IHOs that are known to asingle InfoHarness server. These IHOs are not
necessarily members of the same collection. An IHO may be a member of any number of collections (its parents).
Each IHO that has one or more parents always contains unique object identifiers of its parent objects. An IHO that
does not have any parent is unreachable from any other IHO and may only be accessed if it is used asan initia start-
ing point (or entry point) in the IHR traversal.

2.1 InfoHarness Class Hierarchy

This subsection describes the InfoHarness class hierarchy (Figure 1). The Abstract Classes provide method sharing
between groups of terminal classes. The Terminal Classes are classes that cannot be subclassed and are instantiated as
InfoHarness Objects. Examples of Terminal Classes include encapsulators of external viewers, as well as the Wide-
Arealnformation Service (WAIS) [16] and Latent Semantic Indexing (L SI) [6] indexing tools. The InfoHarness class
hierarchy is utilized to instantiate terminal classes to InfoHarness Objects. We can say that it represents an implicit
organization of the metadata.

The abstract class hierarchy that is shown in Figure 1 has been constructed to serve two purposes:

1. Therepresentation of heterogeneous data and the utilization of independent indexing technologies.
2. Support for both server-side and client-side run-time processing of information.

The distinction between the Server Processing class and the Client Processing classis based on the differencesin
processing information while the rationale for their subclassesisin data representation.

Server Processing

The Server Processing abstract class helps to group IHOs with [Us, which are accessed at run-time by running a pro-
cess on the server. The subclasses of this class are the abstract classes Server Formatted Data and Executable. The
subclasses of Server Formatted Data serve to access physical data by running external viewers. The abstract class
Executabl e represents |Us that encapsul ate application programs.

Client Processing

For instances of terminal subclasses of Client Processing, dataisfirst transferred to the client and then processed.
Most of the data types may be defined by instantiating either a subclass of Server Processing or a subclass of Client
Processing. The exceptions are Audio and Text that are always defined by instantiating the Client Processing class.

» Audio: The special treatment of audio filesis determined by the need to play the recording on the client machine
for it to be heard by the end-user. Data of thistypeisfirst transferred to the client machine and then directed to
/deviaudio (for UNIX machines).

» Text: The special treatment of plain text isfor convenience only. For instances of this class the information is
passed on directly to clients. Thisis often agood choice for presenting plain text documents, aswell as documents
that use a mark-up language known to the client.
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Fig. 1. InfoHarness Class Hierarchy with Sample Terminal Classes.

Collections

Instances of the Collection class are not associated directly with primary physical information. They are used instead
to represent relationships between IHOs. In addition, instances of the Indexed Collection class are associated with a
physical index that is used at run-time to select members of the collection. Instances of the Indexed Collection class
are presented to the end-user through a query interface, while instances of Non-Indexed Collection are presented as a
full list of members.

2.2 Issues of Stability and Extensibility

Stability of the Abstract Class Hierarchy

The abstract class hierarchy in InfoHarness is stable in nature; i.e., we do not foresee the need for additional abstract
classes to mode different kinds of processing. Whenever an appropriate terminal class is defined, it inherits data
access and representation methods from an existing abstract class. The abstract classes may thus be made part of the
server implementation. The terminal class hierarchy is open and extensible, as discussed in the next section.

Extensibility of Data Types

The InfoHarness class hierarchy is open in that new terminal classes may be defined to accommodate the vast variety
of information. These new classes customize methods inherited from the abstract classes. Customization is currently
performed by writing ad-hoc stand-alone programs that are invoked from the inherited methods. In future we expect



to be able to perform the customization interactively, or through interpreting statements of a special type definition
language.

Terminal classes are not part of the InfoHarness implementation and reflect design choices made by InfoHarness
administrators. These choices may be determined either by the availability of data, or by the availability of tools used
to view the data. If the new terminal type utilizes the xman browser and it is not available on the client, this type has
to be defined as a subclass of Server Formatted Data. Alternatively, if the datais not available on the InfoHarness
server but is available on the client, it is defined as a subclass of Client Formatted Data. It is aso possible to define
two different terminal classes, Man Page (descendant of Server Processing) and Man Page (descendant of Client
Processing), as subclasses of Server Formatted Data and Client Formatted Data respectively. These classes may
either be used for accessing different sets of man pages or for providing end-users with alternative ways of accessing
the same data.

Extensibility of Indexing Strategies

Just as new terminal classes may be defined to support new data types, new terminal classes may also be defined to
support independent indexing technologies. The only additional complication isin maintaining the mapping between
two different member identifications. the one known to the indexing algorithm, and the one known to InfoHarness. It
isfairly easy to support WAIS[16], LSl [6,7], and similar indexing technologies by defining appropriate terminal
classes. In the present version of InfoHarness, we default to LS| indexing, which is discussed further in section 3.2.1.
In section 3.2.2, we discuss the selection of an appropriate indexing strategy depending on the size of a collection,
frequency of modification, etc.

2.3 Metadata Extraction

In this section, we discuss the extraction of content-based and content-descriptive metadata. The content-descriptive
metadata is domain-independent in nature and is composed of IHOs and their relationships. Each IHO in an IHR may
have multiple children, as well as multiple parents. The physical datathat is associated with information unitsis not
part of the IHR. The generation of an IHR amounts to the generation of both content-descriptive and content-based
metadata, the latter by indexing physical information declared to belong to indexed collections.

The IHR generation is supported by the InfoHarness Generator, which accepts as inputs both the location and the
desired representation of data, and outputs the set of IHOs and their relationships. The Generator commands may be
either written down by InfoHarness administrators, or created automatically by interpreting IRDL statements.
Detailed discussion of IRDL is beyond the scope of this paper and may be found in [26].

Consider the ssimple example of creating an indexed collection of man pages. Given the location of man pages, their

desired run-time representation, and the desired indexing technology, the Repository Generator performs the follow-

ing actions:

1. Creates|Us associated with individual man pages.

2. Createsan IHO for every IU created in step 1.

3. Invokes an independent indexing tool to index the man pages.

4. Creates an IHO associated with the index, and adds parent-child relationships from this IHO to each object cre-
ated in step 2.

By definition, 1Us represent the smallest pieces of information retrievabl e through InfoHarness. Consider the exam-

ple of an e-mail system that stores messagesin individual files. Making this information available through InfoHar-

ness involves defining information units that have one-to-one correspondence with physical files. On the other hand,

in the case of RMAIL files, a single file contains multiple messages and each message is associated with an informa-

tion unit.
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Fig. 2. Metadata Extraction for C code.

To better understand the process of metadata extraction, we discuss the metadata generation for C code (Figure 2).
We associate | nformation Units with individual functions. The extractor has to perform some basic parsing to recog-
nize comments, function blocks, etc. The indexing is performed on comments and function names but not on vari-
ables, programming constructs, or reserved words. Function signatures, which uniquely identify individual functions,
are used as values of the name attribute of encapsulating objects. Function names are used to qualify file namesin the
location attribute. Similar work has been donein [4] where information about functions and variablesis extracted
after code analysis. There have also been earlier efforts to index C code based on comments [22].

The next step isto encapsulate and index C files, and create parent-child rel ationships between the collection IHO and
the member objects (Figure 2a). The latter are composite objects that reference collections of simple objects, which
encapsulate individual functions. Alternatively (Figure 2b), it may be desirable to index the individual functions and
establish parent-child relationships between the indexed collection and function IHOs, as well as between function
IHOs and IHOs that encapsul ate files containing the functions.

A recent addition to the InfoHarness type library is the C++ extractor. Since C++ code has much more information
of interest than C code, it is correspondingly more complex to write a C++ extractor. A parse tree of the program is
generated and traversed to separate out information units, which include:

« functions (asin the case of C code),
» classdefinitions,

 class-subclass relationships,



* methods associated with individual classes.

Additional extractors for unstructured image data and structured datain the form of relational and object oriented
databases are being designed. Some of these offer significant research challenges.

2.4 Attribute-based Access and Retrieval
We have considered the following kinds of metadata:

1. content-based metadata,

2. content-descriptive metadata,
2.1. domain-independent metadata,
2.2. domain-dependent metadata.

Examples of content-based metadata include full-text indices of InfoHarness collections. In the case of LS, these
indices have the form of document vectors, discussed in section 3.2. The extraction of content-descriptive metadata
was discussed in section 2.4. Examples of content-descriptive metadata may include location, size, ownership, cre-
ation-date, etc. The content-descriptive metadata is inferred without performing the semantic analysis.

In the future, we are planning to support more intelligent querying to accommodate naive users. This may require
capturing the semantic content of information by describing the meaning and possible usages of individual docu-
ments. For this, we need to characterize the domain of information represented by a set of IHOs, for example, the
domain of software artifacts. While content-based metadatais stored as a set of vectors, the content-descriptive meta-
datais represented as a set of attribute-value pairs. The attributes may capture domain aspects, as well as characteris-
tics of physical data.

One approach to capturing domai n-dependent descriptive metadata for structured databasesis described in [18]. The
attributes, which are referred to as contextual coordinates, are selected judiciously from domain-specific ontologies.
These are then used to construct contexts that capture the assumptions implicit in the design of the object classesin a
database. The contexts are used to perform inferences on the information content of the databases without actually
retrieving the data.

We are investigating extending the above approach to semi-structured and unstructured data. Additional effort that is
required for generalizing the latter approach may be well worth it due to the limitations of content-based access, asin
the following example:

Consider a paper titled “ Use of Automatically Generation Metadata for Search and Retrieval of Heterogeneous I nfor -
mation” to be presented at the conference in Jyvaskyla and let the paper be identical to the one that you are reading
with the only exception that it does not contain section 2.4. Then, it would not contain the words conference and

Jyvaskyla.
Consider the following keyword-based query:
Query = conference Jyvaskyla

The above mentioned paper will not be retrieved! The problem may, of course, be remedied by creating additional
descriptive attributes and associating them with the paper. Work is also underway to mutually scal e results obtained
from attribute-based and content-based queries

3.0 InfoHarness Architecture

The InfoHarness system architecture provides a platform for integrating information in a distributed environment by
encapsulating existing and new information, without converting, restructuring or reformatting the physical data.
Through this object-oriented encapsulation, the system provides an integrated view and access to diverse and hetero-



geneous information. The system allows the use of independent tools for accessing, retrieving, browsing, and admin-
istering the information encapsulated by IHOs that are stored in InfoHarness repositories.

3.1 Architecture Overview
Asshown in Figure 3, the main components of the current implementation of the InfoHarness architecture are:

1. ThelnfoHarness Server (IH Server) that uses metadata to traverse, search, and retrieve the original information.

2. TheHTTP Gateway that is used to pass requests from HTTP clients to the IH Server and the responses back to the
clients.

3. The Repository Generator that is used for off-line automatic generation of metadata that represents the desirable
view on the structure and organization of the original information. This metadatais used at run-time by the IH
Server to search and retrieve information.

Independent tools for accessing and displaying information (e.g., xv, xman, etc.), and for indexing information (e.g.,
Wide-Area Information Server (WAIS), Bellcore's Latent Semantic Indexing (LSl)), are not parts of InfoHarness.

At run-time, users of HTTP-compliant clients may issue query, traversal, or retrieval requeststhat are passed on to the
Gateway, which then performs the following operations:

1. Parsesthe request, and reads input information when the request is associated with an HTML form.
2. Establishes a socket connection with the IH Server, generates and sends out a request, and waits for a response.

3. Parsesthe response, convertsit to acombination of HTML forms and hyperlinks, adds the HT TP header, and
passes the transformed response to the Mosaic browser.

The IH Server processes requests based on the meta-information. The same physical data may be treated differently
depending on its type. For example, consider two alternative types, both designed to represent man pages:
man_to_html and xman. In the first case, the IH Server will pass the man page location to aman_to_html converter
and send the generated HTML back to the HTTP gateway. In the second case, the server will pass the man page loca-
tion directly to the xman browser and notify the gateway program.

The Gateway does not perform any format conversions of the original information. It only convertsto HTML those
parts of the response that either contain the portion of metadata that is currently being searched or traversed by the
end-user, or error messages and notifications.

The InfoHarness architecture is open, modular, extensible and scalable. InfoHarness implements the abstract type
hierarchy that does not have to be modified to support a new data type, or a new indexing technology. The methods
associated with abstract classes s are general enough because they are data-driven and may invoke independent pro-
grams. The definitions of terminal classes are also data-driven and are not part of the implementation, which makes
the system capable of supporting arbitrary information access and management tools (e.g., browsers, indexing tech-
nol ogies, access methods).

The system addresses the goals of scalability and interoperability in alarge and geographically distributed environ-
ment by supporting multiple servers and multiple clients, and by decentralizing the administration of information
repositories.

3.2 Indexing and Searching I nfoHar ness Repositories

InfoHarness supports both indexed and non-indexed collections. Indices are generated on the bags of words that are
contained within portions of physical datathat are encapsulated by member IHOs. InfoHarness can support different
indexing strategies (Latent Semantic Indexing (LSI), WAIS, etc.). LSI discussion is presented in the next section,
followed by a brief review of aternative indexing technologies and guidelines for their selection.
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Fig. 3. InfoHarness Architecture.

Latent Semantic Indexing

A fundamental deficiency of many information retrieval methodsis that the words used to search for text are typically
not the same as the words used to index the text in the first place. The fact that there are many ways of describing the
same object (synonymy) means that many relevant objects will be missed, thus affecting the “recall”. The fact that
the same word can be used to refer to different things (polysemy) means that irrelevant objects will be retrieved, thus
affecting the “precision”. Thus words are a poor indicator of conceptual content of a document on which users want
to retrieve the data.

LSI’s[6,7,28] approach isto take advantage of implicit higher order structure in the association of terms with docu-
ments. A large matrix of term-document association datais taken and a“semantic” space is constructed where terms
and documents that are closely associated are placed near one another. Singular-value decomposition (SVD) allows
the arrangement of the space to reflect the major associative patternsin the data and ignore the smaller less important
influences.

Singular Value Decomposition. In the SVD analysis, one begins with an arbitrary rectangular (t x d) matrix X, of
terms and documents. The entries in the matrix consist of the frequency of occurrence of aterm in the various docu-
ments. The matrix X is then decomposed into the product of three other matrices:

X = [To]txmx [So]mxmx [D'O]m><ol wherem = min (t, d) istherank of X.



A simple strategy is followed for obtaining the optimal approximate fit for smaller matrices. If the singular valuesin
Sareordered by size, thefirst largest may be kept and the remaining small ones set to zero. The product of the result-
ing matrices X' is of rank k and is closest in the least squares sense to X:

X0= [T X IS X [D'T e

In InfoHarness, we have approximated the original term-document matrix using one hundred orthogonal factors or
derived dimensions. These factors may be thought of as artificial concepts which represent extracted common mean-
ing components of many different words and documents. It isimportant that their origina space not be reconstructed
aswe consider it unreliable. Thus k should be less than the number of the original index terms. However representa-
tion of a conceptual space of alarge document collection will require more than a handful of derived dimensions.
Thus, the value of k should be somewhere in between. We have found that k =100 works well for us.

Each term and document is then characterized by ak-vector of weightsindicating its strength of association with each
of these concepts. Thus, aterm may be associated with a document even if it doesn’t appear init, if it and adocument
have a strong association with one or more of the artificial concepts mentioned above.

Query Processing. Each term and document is represented as a vector in the k-dimensional factor space. A query,
just as adocument, initially appears as a set of words. We can represent the query (or a“ pseudo-document”) as the
weighted sum of its component term vectors. The query is placed at the centroid of its term vectors and scaled for
comparison to documents. To return a set of potential candidate documents, the pseudo-document formed from a
query is compared against all the documents, and those with the highest cosines, that is the nearest n vectors, are
returned. In the InfoHarness system, we return the n closest documents where the value of nis selected by the user.

Alternative Indexing Techniques

Asmentioned earlier in the paper, InfoHarness can support multiple indexing technol ogies. We are devel oping formal
criteriaand guidelines for selecting the ones that are the most appropriate for particular applications.

LSl isastatistical technique which correlates words on the basis of their occurrence patternsin the documents. It also
does the clustering of words based on the statistical analysis, which form the dimensions of the multi-dimensional
vector space. The WAIS index [16] is acomplete inverted index on the document contents and does not involve any
statistical analysis. We are currently investigating the following criteriafor choosing between these technologies:

e Szeof aCollection: The WAIS indexing technique is preferred if there are just afew documentsin the collection.
Thisis because statistical techniques like LS| require a large sample space to prevent meaningless answers at the
time of query processing.

» Frequency of Modification: The WAIS indexing techniqueis preferred again if the collection is modified fre-
quently (addition, deletion and update of documents). Thisis because extensive statistical computations are
required by LS| to recompute the word clusters.

»  Typesof Queries: The WAISindex is suitable for simple keyword-based queries. However it would fail if the key-
words specified in the query do not occur in the document collections, (e.g. if the keyword Car isin the query, the
documents containing the keyword Automobile shall not be retrieved). The LSI index supports these kinds of
“semantic” searches.

» Domain Sructure of Information: In the case the documents are from adomain or display atypica usage correla
tion pattern or structure, then it would be advantageous to use LSl. If, however, the documents are chosen at ran-
dom from different domains, the WAIS approach might work better.

3.3 Browsing Information

This section addresses browsing physical data, which may range from plain text to multimediainformation. We dis-
tinguish between browsing metadata and browsing the encapsulated physical data. Browsing methods are determined
by types, which are assigned by the metadata extractors at the pre-processing stage.



Each IHO contains relevant information about the encapsulated physical data, as well as the rel ationships with other
IHOs. This structure is presented to the user, who can choose to retrieve the physical data or to traverse parent-child
relationships. Browsing methods act upon the data retrieval request after determining the physical location of infor-
mation. A browsing method may or may not invoke a presentation tool. Independent browsers are used to browse
through postscript documents, sound files, image files, etc.

The rel ationships between information units and physical files are different for types, as described in section 2.3. The
extractor methods understand these relationships and generate the metadata accordingly. The search and browsing
methods obtain this very same knowledge from IHOs and their relationships. The browsing methods are specific to
the representation of the physical information. For example, an image viewer may be invoked for image files and an
audio player for sound files. The user need not have any knowledge about ways of launching the appropriate tool.
Hypertext browsing can a so be supported if the original document is a hypertext.

3.4 Query Processing in InfoHarness

In the previous sections we have identified two ways of accessing IHOs in InfoHarness repositories. They are asfol-
lows:

» Attribute- based Access: This has been discussed in section 2.4 of this paper and involves querying for documents
on the basis of their attributes, which may contain information not captured in their contents (e.g., ownership,
publisher, etc.).

» Content-based Access: Thisinvolves querying for documents based on their contents (e.g., presence of keywords,
presence of patterns, etc.). Querying indices built from the contents of documentsis an example of content based
access. We have discussed query processing for the LSI technology in section 3.2.1 We are planning to further
simplify adding support for third party indexing technologies.

We are currently investigating different ways of meaningfully combining results obtained from attribute-based and

content-based queries.

4.0 Related Work

Hypermedia systems like Intermedia [30] focus more on browsing than on retrieval. Database systems are not con-
cerned about the modelling and mapping of different types of information into physical data. The original data hasto
be converted into internal representations that are usually proprietary for different database systems. On the other
hand, traditional file systems lack the ability to represent inter-file relationships. Huge and growing amounts of heter-
ogeneous information call for amore versatile system.

InfoHarness shares some of its objectives with RUFUS [26]. The RUFUS system has an extensible object-oriented
data model, storage system, and associated search and display methods for avariety of predefined file types. RUFUS
users can also search, browse, filter and display the imported data objects. The system automatically classifies data
files and extracts type-specific attributes. The corresponding metadata extraction processin InfoHarness does not deal
with files but with information units, which may be associated with files, sets of files, or portions of thesefiles. This
approach is more flexible in providing finer control at interpreting data. It allows the same data to be interpreted dif-
ferently depending on the local objectives.

Metadata is being increasingly used by researchersin multimedia, text and structured databases as an aid in the quest
for seamless interoperability. Chen et al [5] define metadata as derived properties of the media which are useful for
information access or retrieval. In the meta-database project at RPI [12], a metadata management approach is adopted
to achieve a global synergy between various component databases. Bohm and Rakow [3] have classified metadata
according to their nature and related it with their different intended purposes. The comparison of this classification
with the approach used in InfoHarness is discussed further in the section. Kiyoki et a [19] implement a semantic



associative search for images based on the keyword metadata representing the user’s impression and the image’s con-
tent. Anderson and Stonebraker [1] have devel oped a metadata schema for satellite images. Jain and Hampapur [13]
have proposed an intermediate representation for audio-visual information.

In InfoHarness, we have emphasized the extensive use of automatically generated metadata. Bohm and Rakow [3]
have proposed a novel classification of metadata and have drawn a distinction between the metadata and its organiza-
tion. They have also established the relation between the intended use of metadata and its classification. The same
perspective is reflected in the hierarchical organization of InfoHarness objects and classes asillustrated in Figure 1.
The overlap between the classification of [3] and our approach is as follows:

» Representation of Information Types: Thisisachieved in InfoHarness through various encapsulators for different
kinds of information, which are responsible for the automatic extraction of metadata. Thisis also one of the
rationales for the proposed organization of metadata. In [1], metadatais used to support two different perspectives
of satellite image data: a computer scientist’s and an earth scientist’s.

» Content-based Metadata: This type of metadata refers to the metadata extracted from the physical information
based on its content. Vectors associated with textual documentsin an L SI-indexed collection are examples of con-
tent-based metadata. Vectors proposed for text and audio documentsin [10], time-indices of keywords and loca-
tion of keywordsin atext image based on word spotting [5], and the data featuresin [13] follow the content-based
approach.

» Content-Descriptive Metadata: Thisissue was discussed in section 2.4 and is being planned as an extension to
InfoHarness. Content-descriptive metadata has been used in [18] for information resource discovery and query
processing in Multidatabases. The domain dependent Q-features and the content independent meta-featuresin
[13] are examples of content-descriptive metadata for audio-visual information. In [19], images are associated
with keywords and vectors for the images are computed based on these keywords. They are the examples of con-
tent-descriptive metadata, since they are constructed from the descriptions of the images.

» Document Composition: Thistype of metadatais created at the time of extraction when the parent child relation-
ships between different IHOs are being established. This perspective is reflected in the structure of composite
IHOs. A novel approach in [5] uses the metadata for answering queries in a media-type different from the one it
was posed in. Thisis easily extensible for composition of text, audio and text-image documents.

e Document Location: Thisinformation is represented as an attribute for al kinds of IHOs supported by the Info-
Harness system.

» Document Collection Metadata: The information associated with an LS| index (section 3.2.1) is atype of meta-
data associated with the collection of documents as awhole.

» Presentation Requirements: Different technical settings on the client side and the server side demand more flexi-
ble document-processing mechanisms. In the InfoHarness system, the idiosyncracies are captured as metadata.
This perspective isreflected in the abstract classes Client Processing and Server Processing in Figure 1 and dis-
cussed in sections 2.1.1 and 2.1.2.

» Browsing: In the InfoHarness system, browsing takes place through the association relationships between infor-
mation units and physical data. This associations are captured by the metadata as discussed in section 3.3. In [11],
the metadata is represented through objects with their associated relationships and attributes. These rel ationships
are used for browsing through the associated media objects (images and video).

5.0 Conclusions and Future Work

The important advantage of InfoHarnessis in providing flexible access to arbitrary heterogeneous information with-
out any relocation or reformatting. The InfoHarness Abstract Type Hierarchy is stablein the sense that it does not
have to be modified to support new user-specific terminal classes. This hierarchy has been constructed to achieve the
dual flexibility in the representation, as well as the presentation of data.

Our current work is directed toward further automation of the generation of InfoHarness repositories. However, it is
not our intention to direct the generation of the repositories by the analysis of physical data alone. We intend to



achieve higher flexibility through developing a Repository Definition Language [26]. Statements of this language,
combined with the physical data, together determine the structure of InfoHarness repositories.

In addition, we are performing investigations aimed at improving the scalability of search by meaningfully combin-
ing the results of querying independent (possibly heterogeneous) indices that reference different collections of
objects. We are also investigating the possibility of enhancing the quality of retrieval by combining results of query-
ing content-based metadata and multiple heterogeneous indices that reference the same information.
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